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TI - Polygon mesh connection apparatus for 3D-CAD, 3D-CG - has 
polygon mesh data combination unit to combine data of two polygon meshes and 
completes connection process after detecting unnecessary overlapped polygon 



obtains a mean normal line of all polygons of a polygon mesh. An end point judging 
unit (12) judges wtiether the end point of the'polygon mesh is a vertex. Ah ^ 
intersection judging unit (13) judges a crossover in the polygon mesh in the linear 
length direction of the mean normal line from the end point. A threshold value 
judging unit (14) judges whether the obtained crossover is below a threshold value 
and determines the distance to the crossover. 

A polygon mesh deformation unit (15) rewrites the co-ordinate value of the 
crossover and deforms the mesh, when it is judged to be lower than the threshold 
value. A partial deletion unit (16) deletes the unnecessary overlapped polygon and the 
formed gap is filled by a new polygon generated from a new polygon generator (17). 
A polygon mesh data combination unit (18) combines the data of two polygon meshes 
and completes the connection process. 

ADVANTAGE - Prevents polygon overlap in connection part. Prevents 
influence of noise. 
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TECHNICAL PROBLEM 



C 



[Problem(s) to be Solved by the Invention] However, the conymtional polygon mesh^ 
contact may be matched with the peak wherethe noise rode, .^^ ^^ |£i| VnQ^ ^^^ 
shown in drawing 



Originally cqit6^^^P^^^^| H'f^^^ ? 



[0006] Moreover, the case where the lap of a polygon arises in the comectioh which S?i 
generated the new polygon depending on the configuration of the cut end of a polygbn 
mesh on the occasion of stopgap processing is.**.. For examp^ b^ the c^^^ ■ 
polygon generating method for matching the peak of one polygon mesh, and the edge* ■ * ' 
(or the edge of one polygon mesh and the peak of another polygon mesh) of another 
polygon mesh, and generating a polygon after garbage deletion, supposing it comes to 
be shown in drawing 7 (B), no matter what matching it may carry out, there is a 
problem that a polygon will lap in a connection. 

[0007] So, the technical problem of this invention is to offer the polygon mesh contact 
which connects the solid configurations (polygon mesh) expressed by the polygon. 

CLAIMS 



[Claim(s)] 

[Claim 1] The polygon mesh contact characterized by providing the following A 
method-of-averaging line calculation means to search for the normal of an average of 
all the polygons of this polygon mesh in case the polygon mesh which presents two 
solid configurations expressed by the polygon which presents a polygon is connected 
An endpoint judging means to judge whether it is in the edge whose peak of the 
aforementioned polygon mesh is the aforementioned polygon mesh with the number 
of share polygons A decussation judging means by which the straight line lengthened 
in the direction of a method-of-averaging line for which it asked by the above- 
mentioned method-of-averaging line calculation means from the endpoint judges 
whether the polygon mesh for [ another ] connection is intersected A threshold 
judging means to judge whether it is below the threshold as which the distance to an 
intersection was beforehand determined in quest of the intersection when it crosses, 
The polygon mesh deformation means which rewrites to the coordinate value of the 
^ intersection which calculated the coordinate value of an endpoint, and transforms the 

aforementioned polygon mesh when it is below this threshold, A garbage means to 
delete the polygon which overlapped as a result of deformation and became 
unnecessary, The new polygon generation means which generates a new polygon and 
connects between the cut end produced as a result of deletion, and the aforementioned 
polygon mesh for connection, and the polygon mesh-data unification means which 
makes data of the two aforementioned polygon mesh one polygon mesh data 
[Claim 2] The polygon mesh contact characterized by providing the following A 
method-of-averaging line calculation means to search for the normal of an average of 
all the polygons of this polygon mesh in case the polygon mesh which presents two 
solid configurations expressed by the polygon which presents a polygon is connected 
An endpoint judging means to judge whether it is in the edge whose peak of the 
aforementioned polygon mesh is the aforementioned polygon mesh with the number 
of share polygons A decussation judging means by which the straight line lengthened 
in the direction of a method-of-averaging line for which it asked by the above- 
mentioned method-of-averaging line calculation means from the endpoint judges 
whether the polygon mesh for [ another ] connection is intersected A threshold 



judging means to judge whether it is below the threshold as which the distance to an 
intersection was beforehand determined in quest of the intersection when it crosses, 
The polygon mesh deformation means which rewrites to the coordinate value of the 
intersection which calculated the coordMatet^ ttie^ 

with thFprofile'ot the aforementioned polygSi^ 
polygon which overlapped as a result of deformation and became unnecessary, and 
the polygon mesh-data unification means which makes data of two polygon mesh one 
polygon mesh data 

[Claim 3] In a polygon mesh contact according to claim 2 the aforementioned 
polygon mesh division means The two peaks of a polygon with a polygon mesh as a 
result of the aforementioned polygon mesh deformation means When moving onto the 
polygon from which another polygon mesh differs The polygon mesh contact 
characterized by being what finds the curtate distance of an edge and the edge of the 
polygon of the polygon mesh of a movement place, generates the point on the edge of 
_ n a polygon mesh which takes a curtate distance as the new peak, generates a polygon 

further, and deletes a polygon. 

[Claim 4] It is the polygon mesh contact characterized by operating the polygon of 
one aforementioned polygon mesh orthopedically in order that the aforementioned 
polygon mesh division means may make polygon division of the aforementioned 
polygon mesh easy to perform in a polygon mesh contact according to claim 2. 
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\) POLYGON MESH CONNECTION DEVICE 

OAbstract: 

IOBLEM TO BE SOLVED: To reduce the influence of noise and to 
jvent the overlap of polygons in a connection part by projecting the 
tline of a polygon mesh on the polygon mesh of a connection object in 
i direction of an average normal to make them correspond to each other 
i using the average normal. 

iLUTION: The outline of the polygon mesh is projected on the polygon 
sh of the connection object in the direction of the average normal to 
ke them correspond to each other and the average normal is used. The 
ygon is previously divided along the outline of the polygon mesh and an 
necessary part is eliminated. In the device, and average normal 
culation means 1 1 averages the normal vector of all the polygons. An 
necessary part elimination means 16 fills in a clearance generates as the 
jult of the elimination of the polygon which becomes unnecessary by 
lerating the new polygon in a new polygon generation means 1 7. A 
ygon mesh data integration means 18 makes data of the two polygon 
shes into one data and completed a connection processing. 
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AIMS 



aim(s)] 

aim 1] A method-of- averaging line calculation means to ask for the normal of an average of all the polygons of this 
ygon mesh in case the polygon mesh which presents two solid configurations expressed by the polygon which 
sents a polygon is connected, An endpoint judging means to judge whether it is in the edge whose top-most vertices 
said polygon mesh are said polygon mesh with the number of share polygons, A decussation judging means by which 
straight line lengthened in the direction of a method-of-averaging line searched for with the above-mentioned 
thod-of-averaging line calculation means from the endpoint judges whether the polygon mesh for [ another ] 
inection is intersected, A threshold judging means to judge whether it is below the threshold as which the distance by 
intersection was beforehand determined in quest of the intersection when it crosses, The polygon mesh deformation 
ans which rewrites to the coordinate value of the intersection which calculated the coordinate value of an endpoint, 

1 transforms said polygon mesh when it is this below threshold, A garbage means to delete the polygon which 
jrlapped as a result of deformation and became unnecessary, The new polygon generation means which generates a 
v polygon and connects between the cut end produced as a result of deletion, and said polygon mesh for connection, 

2 polygon mesh contact characterized by having the polygon mesh-data unification means which makes data of said 
> polygon mesh one polygon mesh data. 

aim 2] A method-of-averaging line calculation means to ask for the normal of an average of all the polygons of this 
ygon mesh in case the polygon mesh which presents two solid configurations expressed by the polygon which 
sents a polygon is connected, An endpoint judging means to judge whether it is in the edge whose top-most vertices 
said polygon mesh are said polygon mesh with the number of share polygons, A decussation judging means by which 
straight line lengthened in the direction of a method-of-averaging line searched for with the above-mentioned 
thod-of-averaging line calculation means from the endpoint judges whether the polygon mesh for [ another ] 
inection is intersected, A threshold judging means to judge whether it is below the threshold as which the distance by 
intersection was beforehand determined in quest of the intersection when it crosses, The polygon mesh deformation 
ans which rewrites to the coordinate value of the intersection which calculated the coordinate value of an endpoint, 
I transforms said polygon mesh when it is this below threshold, A polygon mesh division means to divide the 
ygon of another polygon mesh for connection along with the profile of said polygon, The polygon mesh contact 
iracterized by having a garbage means to delete the polygon which overlapped as a result of deformation and became 
lecessary, and the polygon mesh-data unification means which makes data of two polygon mesh one polygon mesh 
a. 

aim 3] In a polygon mesh contact according to claim 2 said polygon mesh division means Two top-most vertices of a 
ygon with a polygon mesh as a result of said polygon mesh deformation means When moving onto the polygon from 
ich another polygon mesh differs The polygon mesh contact characterized by being what finds the minimum distance 
an edge and the edge of the polygon of the polygon mesh of a migration place, generates the point on the edge of a 
ygon mesh which takes the minimum distance as new top-most vertices, generates a polygon further, and deletes a 
ygon. 

aim 4] It is the polygon mesh contact characterized by operating the polygon of one of said polygon mesh 
liopedically in order that said polygon mesh division means may make polygon division of said polygon mesh easy to 
form in a polygon mesh contact according to claim 2. 



anslation done.] 
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•TAILED DESCRIPTION 



etailed Description of the Invention] 
>01] 

eld of the Invention] In case this invention produces the three-dimension model used in the field of three dimensional 
J3 or three-dimension CG, it belongs to the polygon mesh contact for connecting the solid configurations (polygon 
:sh) expressed by the polygon. 
)02] 

escription of the Prior Art] As a conventional polygon mesh contact, it is 3-D image Vol.10. Fujiwara [ of a 
Dlication ]: "data processing in the three-dimension shape-measurement system VIVID" is in No.l and pp.24-31 
>96). 

)03] This polygon mesh contact measures a depth map from a multiaspect with a range finder, and the method which 
meets by performing alignment based on camera information is used for it. By this method, in case two polygon 
:sh are connected, the nearest top-most vertices are found and matched among top-most vertices of another polygon 
sh to each top-most vertices of one polygon mesh. Then, both corresponding points are moved to the coordinate 
ation which computed by performing weighting average processing based on the top-most-vertices consistency, 
re, the one where a top-most- vertices consistency is higher is performing weighting as what has a high precision and 
: dependability of data. And as a result of migration, the overlapping polygons were once altogether deleted as a 
bage, and it has connected by newly stretching a polygon in the clearance produced after deletion, and generating a 
inection part. 

)04] In the conventional polygon mesh contact, as shown in drawin g 7 (A), when there is a noise, it is matched with 

: top-most vertices where the noise rode. 

>05] 

oblem(s) to be Solved by the Invention] However, the conventional polygon mesh contact may be matched with the 
►-most vertices where the noise rode when there is a noise, as shown in drawing 1 (A), and it may not be matched 
h the top-most vertices which should originally correspond. 

)06] Moreover, the case where the lap of a polygon arises in the connection which generated a new polygon 
sending on the configuration of the cut end of a polygon mesh on the occasion of stopgap processing is **. For 
unple, by the conventional polygon generating method for matching top-most vertices of one polygon mesh, and the 
ie (or the edge of one polygon mesh and top-most vertices of another polygon mesh) of another polygon mesh, and 
derating a polygon after garbage deletion, supposing it comes to be shown in drawing_7 (B), no matter what matching 
nay carry out, there is a problem that a polygon will lap in a connection. 

)07] So, the technical problem of this invention is to offer the polygon mesh contact which connects the solid 

ifigurations (polygon mesh) expressed by the polygon. 

)08] 

eans for Solving the Problem] A method-of-averaging line calculation means to ask for the normal of an average of 
the polygons of this polygon mesh in case the polygon mesh which presents two solid configurations expressed by 
: polygon which presents a polygon is connected according to this invention, An endpoint judging means to judge 
iether it is in the edge whose top-most vertices of said polygon mesh are said polygon mesh with the number of share 
lygons, A decussation judging means by which the straight line lengthened in the direction of a method-of-averaging 
e searched for with the above-mentioned method-of-averaging line calculation means from the endpoint judges 
iether the polygon mesh for [ another ] connection is intersected, A threshold judging means to judge whether it is 
ow the threshold as which the distance by the intersection was beforehand determined in quest of the intersection 
ien it crosses, The polygon mesh deformation means which rewrites to the coordinate value of the intersection which 



p://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/23/2004 



Page 2 of 4 



culated the coordinate value of an endpoint, and transforms said polygon mesh when it is this below threshold, A 
rbage means to delete the polygon which overlapped as a result of deformation and became unnecessary, The new 
[ygon generation means which generates a new polygon and connects between the cut end produced as a result of 
etion, and said polygon mesh for connection, The polygon mesh contact characterized by having the polygon mesh- 
:a unification means which makes data of said two polygon mesh one polygon mesh data is obtained. 
)09] Moreover, a method-of-averaging line calculation means to ask for the normal of an average of all the polygons 
this polygon mesh in case the polygon mesh which presents two solid configurations expressed by the polygon which 
ssents a polygon is connected according to this invention, An endpoint judging means to judge whether it is in the 
>e whose top-most vertices of said polygon mesh are said polygon mesh with the number of share polygons, A 
:ussation judging means by which the straight line lengthened in the direction of a method-of-averaging line searched 
with the above-mentioned method-of-averaging line calculation means from the endpoint judges whether the 
lygon mesh for [ another ] connection is intersected, A threshold judging means to judge whether it is below the 
eshold as which the distance by the intersection was beforehand determined in quest of the intersection when it 
>sses, The polygon mesh deformation means which rewrites to the coordinate value of the intersection which 
culated the coordinate value of an endpoint, and transforms said polygon mesh when it is this below threshold, A 
lygon mesh division means to divide the polygon of another polygon mesh for connection along with the profile of 
d polygon, The polygon mesh contact characterized by having a garbage means to delete the polygon which 
flapped as a result of deformation and became unnecessary, and the polygon mesh-data unification means which 
Jces data of two polygon mesh one polygon mesh data is obtained. 
>10] 

nbodiment of the Invention] The example of a gestalt of operation of the 1st of the polygon mesh contact of this 
ention is explained with reference to drawing ! and drawing_2 . 

)1 1] Connection of two polygon mesh is considered by that of the polygon mesh contact of the example of a gestalt of 
5 1st operation. In addition, suppose that the conditions that it sees from [ of that polygon mesh ] a method-of- 
jraging line, and all the parts of a polygon mesh can be seen about one polygon mesh (it hides and there is no field) 
: fulfilled about the configuration of a polygon mesh (this polygon mesh is set to A.). Since a configuration like a ball 
the anchor ring is excepted from this condition, it is guaranteed that an endpoint exists in the polygon mesh A. There 
: especially no conditions about the configuration of another polygon mesh (this polygon mesh is set to B). Moreover, 
d polygon mesh A and B may be divided into plurality. 

)12] A method-of-averaging line calculation means 1 1 to ask for the normal of an average of all the polygons of the 
lygon mesh A and B in case a polygon mesh contact connects two solid configurations (polygon mesh A and B) 
tressed with the polygon (polygon), An endpoint judging means 12 to judge whether it is in the edge whose top-most 
lices of a polygon mesh are a polygon mesh with the number of share polygons, A decussation judging means by 
ich the straight line lengthened in the direction of a method-of-averaging line searched for with the method-of- 
iraging line calculation means 1 1 from the endpoint judges whether the polygon mesh A for [ another ] connection is 
ersected, A threshold judging means 14 to judge whether it is below the threshold as which the distance by the 
ersection was beforehand determined in quest of the intersection when it crosses, The polygon mesh deformation 
:ans 1 5 which rewrites to the coordinate value of the intersection which calculated the coordinate value of an 
ipoint, and transforms a polygon mesh when it is below a threshold, A garbage means 1 6 to delete the polygon which 
flapped as a result of deformation and became unnecessary, The new polygon generation means 17 which generates 
ew polygon and connects between the cut end produced as a result of deletion, and the polygon mesh for connection, 
ms the polygon mesh-data unification means 1 8 which makes data of two polygon mesh A and B one polygon mesh 
a. 

)13] First, with the average normal calculation means 1 1, the normal vector of all the polygons of the polygon mesh 
s computed, it is equalized, and it asks for average normal vector v. Next, in the endpoint judging means 12, it judges 
ether the top-most vertices of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. are endpoints on 
;h top-most vertices of the polygon mesh A. Next, in the decussation judging means 13, it judges whether the normal 
gthened in the direction v of a method-of-averaging line for which each endpoint of the polygon mesh A was asked 
th the method-of-averaging line calculation means 1 1 from the endpoint of opposite Perilla frutescens (L.) Britton 

crispa (Thunb.) Decne. intersects the polygon of the polygon mesh B. This judgment is judged by whether there is 
/ normal from top-most vertices of the polygon mesh A inside the triangular pyramid which top-most vertices of the 
lygon mesh A and three top-most vertices of the polygon of the polygon mesh B define. 

)14] pretreatment - ****** - first - a polygon - a mesh - A -- top-most vertices P - from - a polygon ~ a mesh 
3 - a polygon - three - top-most vertices - C — C - ' C - " - a vector -- c = (cl 1, cl2, cl3) - c -- ' ~ = (c21, 
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!, c23) » c - 11 - = (c31, c32, c33) asking . And three constants rl which fill v=rl c+r2 c'+r3 c" to normal vector 
(vl, v2, and v3) of top-most vertices of the polygon mesh A, r2, and r3 It asks, 
il 5] If this is all forward or negative, v will intersect a polygon with the polygon mesh B. 
H6] If matrix representation of the v=rl c+r2 c'+r3 c" is carried out, it will become as it is shown in Table 1. 
H7] 
tble 1] 

*\ (on 

* . 

srefore, rl , r2, and r3 What is necessary is just to apply an inverse matrix for asking, 
il 8] That is, it becomes Table 2. 
H9] 
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d when judged with crossing, it asks for the intersection of a method-of-averaging line and the polygon mesh B in the 
sshold judging means 14, and judges further whether the distance by the intersection is below the threshold defined 
brehand. When you are below a threshold, let the intersection be corresponding points. Connection processing is not 
formed when one does not have such corresponding points. 

>20] Hereafter, how to ask for this intersection is explained. The vector from the top-most vertices P of the polygon 
sh A to the intersection for which it asks is applied with tv using a certain constant t. Therefore, although the vector 
he top-most vertices C of a polygon where a normal crosses serves as c-tv from the intersection for which it asks, 
ce this vector is on the polygon, n, then its inner product are set to 0 in the normal vector of a polygon. That is, (c-tv, 
=0 is realized. Since this can deform with (c, n)-t(v, n) =0, t=(c, n)/(v, n) is obtained. Therefore, the vector of the 
srsection for which it asks is set to (c, n)/(v, n) -v. 

»21] Next, in the polygon mesh deformation means 15, the polygon mesh A is transformed by moving the endpoint of 
polygon mesh A to the intersection for which it asked with the threshold judging means 14. 
i22] Furthermore, a migration parameter is set as each top-most vertices of A on the basis of the moved top-most 
tices of the polygon mesh A, and if it moves according to the migration parameter and the polygon mesh A is 
isformed, a connection part can be smoothed more. 

)23] The setting approach of a migration parameter is as follows. When the neighbor of opposite Perilla frutescens 
) Britton var. crispa (Thunb.) Decne. is first investigated on each top-most vertices of A and what is migration top- 
st vertices (let this be the migration parameter 0) in a neighbor exists, the migration parameter of the top-most 
tices is set to 1, and when migration of the top-most vertices of the migration parameter 0 is tu further, only 0.5 tu 
ves. When the neighbor of opposite Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. is investigated on 
gration parameter non-set up top-most vertices like the following and that whose migration parameter is p-1 in a 
ghbor exists, p is set up as a migration parameter and it moves only 0.5 times of the movement magnitude of the 
gration parameter p-1 further. It continues until the top-most vertices this [ whose ] is not set up are lost. By carrying 
: like this, the top-most vertices of the migration parameter p serve as 0.5P tu, and migration according to a migration 
ameter can be performed. 

>24] And in the garbage deletion means 16, the overlapping polygon is deleted as a result of the polygon mesh 
brmation means 15. 

)25] Furthermore, a polygon is newly generated for the clearance which produced the new polygon in the generation 
ans 17 as a result of the garbage deletion means 16, stopgap processing is performed, the data of the top-most 
tices in the same location of the polygon mesh A and B are unified in the polygon mesh-data unification means 18, 
i it unites with one polygon mesh data. 
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»26] Drawing 3 thru/or drawing 6 show the example of a gestalt of operation of the 2nd of the polygon mesh contact 
this invention. In the polygon mesh contact of the example of a gestalt of the 2nd operation, the new polygon 
leration means 17 is made unnecessary by having the polygon mesh division means 21 between the polygon mesh 
brmation means 1 5 of the polygon mesh contact of the example of a gestalt of the 1 st operation, and the garbage 
etion means 16. 

►27] That is, in addition to the polygon mesh contact of the example of a gestalt of the 1st operation, along with the 
•file of a polygon, it has a polygon mesh division means 21 to divide the polygon of another polygon mesh B for 
inection, and is the polygon mesh contact which does not need the new polygon generation means 17 of the example 
a gestalt for the 1st operation as the result. 

►28] As a result of the polygon mesh deformation means 1 5, as shown in drawing 4 , two top-most vertices (referred 
is E and F) of a polygon with the polygon mesh (meshA) A When moving onto the polygon from which the polygon 
sh B differs In the polygon mesh division means 21 , the minimum distance of the Edges E and F and edge of the 
ygon of the polygon mesh (meshB) B of a migration place is found. The point on the edge of the polygon mesh B 
ich takes the minimum distance is generated as new top-most vertices H, and Polygons G, E, and H, and G, F and H 
generated further. Then, Polygons E, F, and G are deleted. 

►29] Then, as shown in drawing 5 , in order to make polygon division of the polygon mesh B easy to perform, the 
ygon of the polygon mesh A is operated orthopedically. 

►30] First, the polygon of the polygon mesh B of the migration place of the top-most vertices of opposite Perilla 
tescens (L.) Britton var. crispa (Thunb.) Decne. is investigated to each polygon of the polygon mesh A. The polygon 
leleted when moving into the polygon of the same polygon mesh B also as three top-most vertices. When it is moving 
:he polygon with two same top-most vertices and one of top-most vertices are on the edge of the polygon mesh B 
is is set to S, it twists on an edge and the top-most vertices of the direction are set to T), the polygon P which makes it 
edge after [ S and T ] moving top-most vertices T to S is deleted. 

►31] Next, division of the polygon mesh B is explained using drawing. 6 . When new top-most vertices of the polygon 
sh A are generated on the edge to each edge of the polygon mesh B, the new top-most vertices W of the polygon 
sh B are generated in the location, an edge is generated between top-most-vertices W 1 which is in the other side on an 
;e further, and top-most vertices W, polygon division is performed, and mesh fragmentation of a connection part is 
formed. And top-most vertices V are generated, an edge is generated between top-most-vertices V which is in the 
er side on an edge further, and top-most vertices V, and polygon division is performed. 

►32] Therefore, since the polygon mesh B is divided along with the profile of the polygon mesh A, even if it performs 
garbage deletion means 16, a clearance is not generated, and the new polygon generation means 17 does not have 
need of carrying out. 

►33] 

feet of the Invention] Since it matches and the method line of an average is used in this invention by projecting the 
.file of a polygon mesh on the polygon mesh for connection in the direction of a method-of-averaging line, it is rare 
:>e influenced of a noise. 

►34] Moreover, since a garbage is deleted after performing polygon division along with the profile of a polygon mesh 
brehand, a polygon does not lap in a connection part. 
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